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2 $(x, y)$ 2
$\omega$
$\omega=\tau+i\theta=\log\frac{c}{w}=\log\frac{c}{df/dz}$ (1)
1890 2014 95-105 95
$w=u-iv=qe^{-i\theta}=df/dz$ $f=\phi+i\psi$
$z=x+iy,$ $q=\sqrt{u^{2}+v^{2}},$ $\tau=\log(c/q),$ $\theta=$ arctan$(v/u)$
(a) The $z$-plane $(z=x+iy)$ (b) The $f$-plane $(f=\phi+i\psi)$
(c) The $\zeta$-plane $(\zeta=\zeta_{r}+i\zeta_{i})$ (d) The $\hat{\zeta}$-plane $(\hat{\zeta}=\hat{\zeta}_{r}+i\hat{\zeta}_{i})$
Fig.1 Conformal mapping of the flow domain of a solitary wave progressing in
permanent form. $c$ : wave speed, $h$ : water depth and $\Gamma$ : $\hat{\zeta}=\hat{\rho}e^{i\hat{\sigma}}$
(1) $\omega$
$\omega$ Fig.1(b)
$f$ $f$ $\psi=0$ , $\psi=-ch$ ,
$-ch<\psi<0$ $(-\infty<\phi<\infty)$ . $\omega=\tau+i\theta$ $(\psi=0)$ ,
$(\psi=-ch)$ , $(\phi=0)$ , $(\phiarrow\infty)$
$ch \frac{\partial\tau}{\partial\phi}-\frac{1}{F^{2}}e^{3\tau}\sin\theta=0$ $on$ $\psi=0$ (2)
$\theta=0$ $on$ $\psi=-ch$ (3)
$\theta=0 on\phi=0$ (4)
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$\omega=\tau+i\thetaarrow 0$ as $\phiarrow\infty$ (5)
(2) $F=c/\sqrt{gh}$ $\mathbb{R}oude$ ( $g$ ). (2)




$(|x|\gg 1 or |\phi|\gg 1)$
$\omega$ Fig.1(c)
( $\zeta$ ) $f$ $\zeta$
$f+ ich=\frac{2ch}{\pi}\log(\frac{1+\sqrt{\zeta}}{1-\sqrt{\zeta}})$ $or$ $\zeta=\tanh^{2}\{\frac{\pi}{4ch}(f+ich)\}$ (6)
$(y=\eta(x) or \psi=0)$ $\zeta=e^{i\sigma}(0<\sigma<2\pi)$
$(|x|=\infty or |\phi|=\infty)$ $\zeta$ $\zeta=1$ $f$
(2)
$\pi\sin\frac{\sigma}{2}\frac{\partial\tau}{\partial\sigma}+\frac{1}{F^{2}}e^{3\tau}\sin\theta=0$ on $\zeta=e^{i\sigma}$ and $0<\sigma<2\pi$ (7)
$(0\leq\zeta<1)$ (3) $(-1<\zeta<1)$ (4)
$\theta=0$ $on$ $-1<\zeta<1$ (8)
(5)
$\omega=\tau+i\thetaarrow 0$ as $\zetaarrow 1$ (9)
$\zeta$ $\zeta$ $|\zeta|<1$ $\zeta=1$ (
) (7) (8) (9) $\omega$










$\mu$ Froude $F$ (11) Fig.2 Fig.2 $F$
1 ( ) $\mu$ (11)? Stokes [8] [3,
\S 252] (11) Stokes
$0.\infty 1$ 0. $0f$ $0./$
F- 1
Fig.2 Variation of the decay rate $\mu$ with the Froude number $F$ . The relation








$\frac{\partial^{n_{\mathcal{T}}}}{\partial\phi^{n}}\sim\tilde{b}(\mp\frac{\mu\pi}{ch})^{n}e^{\mp\mu\pi\phi/(ch)}\cos$ $\{\mu\pi(\frac{\psi}{ch}+1)\}$ $(\phiarrow\pm\infty)$ (14)
$\mu$ ( ) $\epsilon$ $\mu=O(\epsilon)$
$(ch)^{n} \frac{\partial^{n_{\mathcal{T}}}}{\partial\phi^{n}}=O(\epsilon^{n})$ (15)
$\omega=\omega(f)$ $\psi=-ch$ Taylor
$\omega(f)=\tau(\phi, \psi)+i\theta(\phi, \psi)=\sum_{k=0}^{\infty}\frac{1}{k!}[\{i(\psi+ch)\}^{k}\frac{d^{k}}{d\phi^{k}}\check{\tau}(\phi)]$ (16)
$\{\begin{array}{l}\tau(\phi, \psi) = \check{\tau}(\phi)-\frac{1}{2!}(\psi+ch)^{2}\frac{d^{2_{\check{\mathcal{T}}}}}{d\phi^{2}}+\frac{1}{4!}(\psi+ch)^{4}\frac{d^{4_{\check{\mathcal{T}}}}}{d\phi^{4}}-\cdots\theta(\phi, \psi) = (\psi+ch)\frac{d\check{\tau}}{d\phi}-\frac{1}{3!}(\psi+ch)^{3}\frac{d^{3}\check{\tau}}{d\phi^{3}}+\frac{1}{5!}(\psi+ch)^{5}\frac{d^{5}\check{\tau}}{d\phi^{5}}-\cdots\end{array}$ (17)
$\check{\tau}(\phi)=\tau(\phi, \psi=-ch)$ $(\psi=-ch)$ $\tau$ (17)


















(10) ( ) $\zeta$
Packham [7]




( $z$ ) $\hat{\zeta}=1$ $\zeta=1$ $\hat{\zeta}=1$
(10)











$\omega=\tau+i\thetaarrow 0$ as $\hat{\zeta}arrow 1$ (24)
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(22)
$\omega=\sum_{n=1}^{\infty}b_{n}(1-\hat{\zeta}^{n}) (b_{n}\in \mathbb{R})$ (25)
Packham [7] 2 1
$b_{1}(1-\hat{\zeta})$ 1
( )
Davies [1][4, \S 15.59] $\omega=\tau+i\theta$ (2) $\sin\theta$
$\sin\theta\sim\frac{1}{3}$ sin $3\theta$ (26)
(2)
${\rm Re}[ \frac{1}{e^{-3\omega}}\{ch\frac{d}{df}(e^{-3\omega})-i\frac{3}{F^{2}}\}]=0$ $on$ $\psi=0$ (27)
Packham [7] (27) $\hat{\zeta}$
$e^{-3\omega(\hat{\zeta})}=1-\sin^{2}\mu\pi\cdot(1-\hat{\zeta})$ or $\omega(\hat{\zeta})=-\frac{1}{3}\log\{1-\sin^{2}\mu\pi\cdot(1-\hat{\zeta})\}$ (28)
$\mu$ Stokes (11) Packham
(28) (i) ( ) (ii)
4
Packham [7] (25) 1
$N$







(29) $\omega$ $\hat{\zeta}$ $N$ $\hat{\zeta}$





$\Vert\varphi\Vert_{\Gamma}$ [2, \S 18.4].




$\omega(\hat{\zeta})$ $\mathcal{D}$ $\mathcal{D}\cup\Gamma$ ( $\Gamma$ : $\mathcal{D}$ ). $\Vert\Vert_{\Gamma}$
$\omega(\hat{\zeta})$ $N$
$\omega_{N}(\hat{\zeta})$ $:= \sum_{n=1}^{N}c_{n}p_{n}(\hat{\zeta})$ with $c_{n}=(\omega,p_{n})_{\Gamma}$ , (32)
$\{p_{n}(\hat{\zeta})\}_{n=1}^{N}$
$(p_{m},p_{n})_{\Gamma}=\delta_{mn}=\{\begin{array}{l}1 (m=n)0 (m\neq n)\end{array}$ (33)
$\square$











53.1 $\omega$ (28) Packham 4
$f$ (2) $\hat{\zeta}$ $(\hat{\zeta}=\hat{\rho}e^{i\hat{\sigma}})$
$G( \hat{\sigma}):=ch\frac{d\hat{\sigma}}{d\phi}\frac{\partial\tau}{\partial\hat{\sigma}}-\frac{1}{F^{2}}e^{3\tau}\sin\theta=0 (0<\hat{\sigma}<2\pi)$ (34)
$\Vert G\Vert_{\max}$
$\Vert G\Vert_{\max};=0\leq\hat{\sigma}\leq 2\pi\max|G(\hat{\sigma})|$ (35)
$\Vert G\Vert_{\max}<10^{-9}$
$\omega_{N}$ $N$ $\{p_{n}\}$





















Fig.3 Comparison of the wave profile. $F=c/\sqrt{gh}$ : the Froude number, thin
line : long wave approximation, thick line : Packham’s approximation
and circle $0$ : fully nonlinear solution.
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( $a$) $F=1.09$ ( $b$ ) $F=1.14$
Fig.4 Comparison of the kinetic energy density $d\hat{E}_{k}/d\hat{\sigma}.$ $F=c/\sqrt{gh}$ : the
Froude number, thin line : long wave approximation, thick line : Pack-
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